Introduction: Acute kidney injury (AKI) prevalence in the UK is estimated to be approximately 20% of all emergency admissions. Complications of AKI have a huge impact on health care costs. Most studies that have researched the economic costs of AKI have used macro-level costing using national tariffs and applying this to hospital episode statistics.
A KI prevalence in the UK is estimated to be >20% of emergency admissions, 1 and complications of AKI are now well-established as having a huge impact on health care costs. The cost implications for the National Health Service (NHS) include increased hospital stay, intensive care unit (ICU) admissions, postdischarge costs, and an increased risk of longer term health problems. Likewise, the cost of dialysis also adds to the economic burden. In 2005, Chertow et al. found a robust association between AKI and both increased hospital costs and length of hospital stay. 2 The more severe the case of AKI, the higher the impact.
Prevention of approximately 30% of AKI cases was estimated to save the NHS between £130 and £186 million per year. 3 Obviously, extended hospital stay has an undesirable effect. One audit found that preventing a modest 10% of AKI cases could save hospitals 3000 bed days per year. 4 Previous literature focused on the cost of different renal replacement modalities in the highly selected minority of patients who require these therapies. 5, 6 There have been studies that indirectly estimated the costs of relatively unselected AKI patients admitted to hospital. Fischer et al. studied >2000 patients admitted to Massachusetts Hospitals with uncomplicated AKI who did not require critical care at the turn of the millennium, as identified by the International Classification of Disease-9th Revision. 7 Direct hospital costs were estimated from hospital charges for the AKI admission. Ten percent of patients required dialysis, which increased costs by 63%. Median direct hospital costs were $2600 per admission. 7 Kolhe et al. in the UK estimated the cost of AKI in 576 inpatients, as coded by the International Classification of Disease-10th Revision, of a total of approximately 140,000 admissions in 2008. 8 Approximately 5% of patients needed renal replacement therapy. Using an averaging and relative value methodology to predict AKI costs, they estimated a cost of approximately £3750 per admission. The total annual cost of AKI admissions to the English NHS was estimated to be approximately £3 billion. Studies based on coded AKI diagnoses have a potential weakness, in that coding is known to miss many patients with AKI. 9, 10 A recent study researched the economic impact of AKI to the NHS using data that was recorded in the Hospital Episodes Statistics (HES). 3 Kerr et al. estimated the cost of AKI in the English NHS in 2010 using HES data in patients admitted and coded to an AKI-related Healthcare Resource Group (HRG) (HRG code: LA07). 3 For these admissions, the authors attributed the entire cost of the admission to AKI and used the tariff price to estimate the unit cost. Using the national tariff (costing) for this HRG, they found that >23,000 admissions had cost approximately £75 million, at a cost of £3250 per patient. This cost did not include critical care, postdischarge care, or excess bed days in patients with AKI who were coded to other HRGs, which resulted in an under-recording of AKI resource usage in their estimates. A Markov model was used; it estimated the annual cost associated with AKI-related inpatient care in England was £1.02 billion, and the lifetime cost of postdischarge care for people who had AKI as inpatients in 2010 to 2011 was estimated at £179 million. 3 The AKORDD project is a pilot study of using an outreach service for patients with AKI. 11 We conducted a health economics substudy, which aimed to more accurately define the total cost per patient, with or without the use of an AKI outreach team, over 12 months, which began an AKI alert. This study showed the feasibility of conducting a cost-effectiveness analysis of the AKI outreach team versus standard care, and was the first to conduct a direct micro-costing of AKI for each individual patient.
METHODS
The AKORDD study took place in 2 hospitals: Heartlands Hospital (intervention) and Good Hope Hospital (control group). The study used a before-and-after design, piloting the outreach service to patients with AKI. For the Before study phase (2 months), patients at both hospitals received standard care and for the After study phase (5 months), patients at Good Hope Hospital continued to receive standard care, whereas patients at Heartlands Hospital received the intervention (outreach via telephone). Patients were recruited once they had an electronic alert indicating that they had AKI. The outreach service offered rapid assessment, treatment, and advice for patients who developed AKI to reduce their risk of death, dialysis, and other complications. The team functioned during working hours, 5 d/wk, offering advice to clinicians looking after AKI patients. Depending on the stage of AKI, the level of intervention from the outreach team differed. For example, for relatively mild AKI (stage 1), patients received a telephone call from a member of the team, whereas if AKI was quite serious (stage 3), patients received telephone calls from a consultant plus a consultant visit. The trial, as a pilot study, was powered to estimate the rate of the combined endpoint (any of these: AKI stage deterioration, dialysis, or death) for a future cluster randomized trial. The health economic substudy was designed to test methods of economic assessment in AKI. Overall study design is detailed elsewhere.
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Recruitment
For the health economics substudy, we aimed to recruit a sample of 50 patients during the After phase (25 patients from each hospital from the main study population). Data were collected during the 12-month period starting from recruitment. Two 1-week recruitment windows (in July and October 2015) were opened simultaneously at each hospital. The actual starting point for each patient for health economics analysis was the time of the AKI alert, excluding costs before the onset of AKI. Only patients admitted to the control or intervention hospital were recruited; patients with AKI who remained in the community were not eligible for recruitment. The health economics substudy was approved by the Research Ethics Committee of the National Research Ethics Service in 2014 (NRES Committee East MidlandsÀNottingham 1, reference 14/EM/0184). A consort diagram for the After phase will be published later.
Resource Use Data Collection and Unit Costs
The cost analysis adopted an NHS and personal social services perspective. Resource use items that were directly linked to the index AKI episode and its sequela and/or complications were estimated over the 12 months of follow-up for each patient recruited. Thus, an admission or outpatient appointment for an unrelated condition (e.g., a comorbidity exacerbation or surgical procedure) were excluded from the analysis. These admissions and visits were attributed unblinded by the chief investigator to keep the workload manageable. We collected resource use and unit cost data for the following items: The AKI outreach team, which included costs of implementing and running the service (including staff costs). The core outreach team consisted of an experienced renal consultant (MT), a renal research fellow (TA), and a critical care nurse trained in AKI care. The team was responsible for delivering the interventions, with or without ward visits, triggered by the AKI alert. The index hospital stay from the time of the AKI alert (see the preceding) to discharge, including any ICU admissions, general ward admissions, and consultant ward rounds conducted by the "home team" (the team primarily responsible for the patients care at that time). Subsequent related hospital stay(s), which were estimated as for the index hospital stay. Subsequent related outpatient clinic visits, which included consultant or nurse-led, first or follow-up clinic visits. Dialysis, which included hemodialysis or peritoneal dialysis (PD; including assisted automated PD). All tests or investigations, which included all blood or other laboratory tests, all imaging, endoscopies, and other diagnostic procedures (including electrocardiograms). Supportive procedures, which included i.v. cannulation, urinary catheterization, and blood transfusion. I.v. fluids. Medications while in hospital and supplied by the hospital when patients were discharged (28 days provided). Inpatient medications usage included recording all administered doses of a given drug at a given dose, excluding all doses prescribed but not administered, and separately recording any doses at a new or changed dose regime. This allowed calculation of the exact cost of a specified number of doses of a drug at a given dosage. Data were available via electronic patient records and the pathology laboratory system for most of the previously listed resource use items. Prescribing data were taken from the JAC electronic prescribing system (JAC Computer Services Ltd, Basildon, UK). We also consulted the renal information technology system (Proton, Clinical Computing Ltd, Ipswich, UK) for data regarding dialysis. When necessary, we also reviewed the paper notes to extract any additional information. These were reviewed chiefly for information from departments such as emergency medicine and critical care, which did not use electronic patient records.
In addition to hospital resource use data, we also collected data via a patient self-reported questionnaire. This was a practical means of collecting nonsecondary care data that included general practitioner (GP) visits at surgery, home, or via telephone; practice nurse visits at surgery; and any community health services, such as a community nurse, allied health professional, or walkin center visits. In addition, this questionnaire also included any nonprescribed (over the counter) medications that the patients might have also purchased. These questionnaires were sent to the patients by mail for self-completion or they were filled in by the research fellow or nurse asking the questions over the telephone. Four questionnaires were administered for each patient at the following time points: 3, 6, 9, and 12 months to take into account resource use for the 3 months before the questionnaire date. Thus, the 3-month questionnaires asked about resource use incurred from the time of the alert (baseline) to 3 months.
Unit costs for the key resource use items were based on the 2015 to 2016 financial year (Table 1) 12-15 and are presented in pounds sterling. Staff costs were obtained from the Unit Costs of Health and Social Care 12,13 and the Pay and Conditions Circular.
14 Inpatient stays, outpatient visits and dialysis costs were obtained from the NHS reference costs. 15 Costs of medications and i.v. fluids were obtained from the British National Formulary, 16 and tests and investigations were obtained from published sources (e.g., NHS reference costs, NHS Trusts websites, and National Institute of Health Care and Excellence guidelines). 15, [17] [18] [19] The tests and investigations costs are presented in Supplementary Table S1. The unit costs were then attached to each resource item to calculate a total cost per patient.
Outcome Data Collection
Health-related quality of life was assessed using the standardized EuroQol 5 dimensions 5 levels (EQ-5D-5L) questionnaire, which consists of 2 parts: the descriptive part and the visual analogue scale (VAS). The descriptive system consists of 5 attributes of health (mobility, self-care, usual activities, pain and/or discomfort, and anxiety and/or depression). 20 Each attribute has 5 levels (no, slight, moderate, severe, and extreme problems or unable to), generating a total of 3125 possible health states. Preferences for the scoring function were measured using the mapping algorithm for the crosswalk value set from EQ-5D-5L to EQ-5D-3L. 21 The scores lie on a value scale from 0.0 (dead) to 1.0 (perfect health). The EQ-5D VAS records the respondents' self-rated health status on a 0 to 100 scale, in which 0 is the worst state you can imagine and 100 is the best state you can imagine. The EQ-5D-5L questionnaire was administered to patients in the same sitting as the resource use questionnaire. The EQ-5D-5L was administered at baseline as soon as the patient was well enough to respond to questions after the alert. The EQ-5D-5L results were used to calculate utility scores for each time period and generate quality-adjusted life years (QALYs). QALYs simply measure the area under the curve when the amount of time (e.g., 1 year) spent in a health state(s) on the horizontal axis is weighted by the utility score(s) given to the health state(s) on the vertical axis. QALYs were calculated by simply calculating the area under their utility curve, assuming a linear change in utility from baseline to 1 year.
Missing Data
Multiple imputation was used to estimate the missing EQ-5D data and resource use data as reported in the questionnaires. Multiple imputation is a Monte Carlo simulation technique in which each case of missing data is replaced by a set of plausible estimates. The technique uses information on the relationship between variables as part of the estimation process to produce overall mean estimates for the missing data. Information on patient age, sex, residence, ethnicity, AKI alert stage, and baseline EQ-5D-5L scores were included to predict missing values. 22, 23 Missing data were imputed for the EQ-5D-5L for each attribute at each level that was missing and for nonsecondary care resource use data for each resource use that was missing. The missing data were imputed using the statistical packages NORM. 24 
Data Presentation and Statistical Analysis
Microsoft Excel (Microsoft, Redmond, WA) and Stata version 14 25 were used. Results are presented for costs, utility scores, and QALYs for all cases with and without imputed data for the 2 hospitals. Statistical tests (t-test and F-test based on the bootstrap method; see the following) were used to explore the difference in costs and utility values between the 2 hospitals. All tests were 2-sided, and a P value of # 0.05 was considered statistically significant.
Because the distributions of cost data were skewed, bias-adjusted nonparametric bootstrapping was performed with 10,000 iterations to generate confidence limits around the mean values. Bootstrapping is a simulation technique that takes repeated samples of data, with replacement and in the absence of any other data from the population, and provides a guide to its distribution. 26 
RESULTS
In total, 48 patients consented and were recruited for the health economics substudy: 20 patients for the intervention hospital and 28 patients for the control hospital. At the intervention hospital, 2 patients were too sick for consent, and 3 declined. At the control hospital, 11 patients were too sick to provide consent, 1 died before approach, and 6 declined involvement in the substudy. Table 2 summarizes the baseline 
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characteristics. The mean age was similar for both hospitals; there were slightly more men in the intervention hospital (P ¼ 0.065); most patients in the intervention hospital resided in independent homes; and most patients had a mild impairment of kidney function, which was not statistically significant between the 2 hospitals (P ¼ 0.322). The intervention hospital at baseline had slightly better EQ-5D-5L utility and VAS scores than the control hospital, although this was not statistically significant. Eleven patients in Heartlands Hospital and 22 patients in Good Hope Hospital completed the 3-to 12-month questionnaires. Only 4 patients in the intervention hospital and 9 patients in the control hospital completed questionnaires for all time points (Table 3) . Table 4 shows the results of the EQ-5D-5L utility scores (tariffs). The intervention hospital had slightly better utility scores than the control hospital for all time periods for the completed cases (with no imputed data), and these differences were not statistically significant. Over time (from baseline to 12 months), these differences in utility scores were statistically significant for all cases that included the imputed data (F ¼ 8.63; P ¼ 0.001) and for completed cases only with no imputed data (F ¼ 6.70; P < 0.001). Table 5 shows the overall QALY gain for the 12-month period. For all cases that included imputed data, there was an overall QALY gain of 0.066 for the intervention hospital compared with the control hospital, although this difference was not statistically significant (P ¼ 0.332). For completed cases only, which included no imputed data, there was an overall QALY gain of 0.018 for the intervention hospital compared with the control hospital; this difference was not statistically significant (P ¼ 0.906). Table 6 shows the frequency of some of the key resource use items, including medications, tests, and investigations. Overall, patients in the intervention group had a lower mean length of stay in the general ward, although this was not statistically significant compared with the control group (8.6 days vs. 9.9 days; P ¼ 0.712). The intervention group also had fewer consultant ward rounds that were conducted by the home team compared with the control group (3.2 rounds vs. 4.5 rounds; P ¼ 0.340).
There were slightly more GP visits to surgery by the intervention group than the control group (9.09 vs. 6.59; P ¼ 0.058) ( Table 7) . Although the control group had more contacts with other health professionals, none of these resources were statistically significantly different between the 2 groups.
The total mean NHS costs of the initial AKI episode and any additional costs related to the initial index episode during the 12-month period was £1094 lower for the intervention group than that of the control group, although this difference was not statistically significant (P ¼ 0.647). This was also reflected in the wider 95% confidence interval for the control group compared with the intervention group. One patient within the control group was driving the cost because they were the only person to have multiple ward admissions that were linked to the original AKI episode. Furthermore, this patient also had both inpatient hemodialysis sessions and automated peritoneal dialysis, which contributed to the higher cost for the control group. By removing this patient from this group, the mean AE SD total NHS costs fell to £5232 AE £5194, and the 95% confidence intervals were also narrower £3273 to £7191 (t ¼ 0.273; P ¼ 0.786).
Patients costs as outlined in the Methods section included patients recalling visits to the GP surgery or with a community nurse, or any over-the-counter medications were slightly higher for the control group than the intervention group (£359 vs. £248; P ¼ 0.150) ( Table 8) .
DISCUSSION
Although this pilot study showed that the total cost of providing an AKI alert system and an outreach service (intervention group) was lower than current practice (control group) for patients with AKI, the results need to be interpreted with caution due to a number of inherent uncertainties, most notably, the small sample size. To the best of our knowledge, this was the first study to conduct a prospective micro-level costing of NHS resources for patients with AKI, in which patient care related to the index episode was followed up for 12 months and resource use was appropriately costed. As well as the direct micro-costing, our strengths included costs only from AKI onset and inclusion of related post-AKI care involving outpatient care or further admissions. To our knowledge, our work was also the first to demonstrate that AKI patients do incur significant personal costs, in a group that is typically elderly and disadvantaged. Overall, the costs calculated by our methods were higher than 1 recent UK estimate, 8 which suggested that the economic impact of AKI was even greater than previously thought.
However, there were limitations with this pilot study. Convincing sick patients with AKI to take part in a substudy was challenging at a time when they were acutely unwell. More severe AKI was underrepresented. Even after recovery, these patients often had chronic ill health, which made it difficult to obtain follow-up EQ-5D and resource use questionnaires. Resource use and costs provided on behalf of the NHS were conservatively estimated; that is, only the resource use and costs as a direct consequence of the initial AKI episode and any further visits related to the initial AKI episode were included. Any further inpatient admissions, outpatients visits, tests and/or investigations, or medications not directly related to the initial AKI episode within the 12-month period were excluded. Because some conditions might have been due to some other underlying cause, we also excluded any resource use and/or costs due to uncertainties that they were directly related to the initial AKI episode. Even so, our documentation of the costs of AKI were more complete than those analyses that included only direct hospital costs. The high cost in the control group was due to 1 patient with multiple admissions that were linked to the original AKI episode; this patient was also on dialysis. As expected in any costing study for AKI, cost data will be skewed by a small proportion of patients with complications. Only the time of the AKI outreach team was included in the costing. The cost of the alert system was not added to the costs because this system was already in place. If we had included community patients into the health economics analysis, then the cost of the alert system would have been included. No patients from the community were recruited due to research team and time limitations of this substudy.
Although the EQ-5D results for the intervention group were slightly, although not statistically significantly, better compared with the control group, this was most likely because the EQ-5D is based on a biased sample. That is, the patients recruited into the health economics substudy were more likely to be younger and were not as sick; approximately twothirds of the patients in the substudy had a lower grade of AKI.
We could not be sure that patient costs were accurately recorded. For example, patients who might have been slightly older and not as well might have found it difficult to recall resource use (e.g., the number of visits to the GP surgery for the previous 3 months and whether the visit was linked with the index AKI episode). Accurate collection of primary care data is needed, and this needs to be linked up with GP and social care records.
We did not calculate an incremental costeffectiveness ratio due to the small number of patients who completed the EQ-5D questionnaire for all Table 7 . Frequency of key resources from the patient self-reported questionnaires (including imputed data) relevant time points. Any ratio estimated would have had great uncertainty, and the confidence intervals would have been huge.
Conclusions
This study showed that it was feasible to collect the complex data needed to conduct a health economics analysis of using an alert and outreach service for patients with AKI in the hospital; however, significant research time would need to be dedicated for this to be undertaken. Future considerations also need to include the scale of the outreach service (i.e., how many hospitals, availability of AKI staff, and an outreach team with the right skill mix). We advocated the use of this methodology in this study by subsampling, with researchers who administered questionnaires both in hospital and in the community, and who performed blinded assessment of AKI-related events. This would give a better picture of the whole economic impact compared with an estimation of the direct hospital costs. Large-scale AKI trials that require health economic analysis should consider micro-costing in a subsample (e.g., in biomarker trials). This study could help any future definitive multicenter, randomized controlled study of AKI outreach in planning a full prospective economic evaluation. Any future interventions for AKI would help target procedures that are needed for patients and also help in reducing inpatient admissions.
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